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ABSTRACT: The degradation of Brachiaria decumbens Stapf. (Signal grass) pastures has resulted in a big
problem for the Brazilian cattlemen. The objective of this study was to assess fertilization with nitrogen (N)
and sulphur (S) rates on yield of Brachiaria brizantha (Hochst. ex A. Rich.) Stapf. cv. Marandu (Marandu
palisadegrass) under establishment in a soil supporting degrading pasture of Brachiaria decumbens Stapf.
Additionally, the N and S concentrations in plant tissue and soil according to the rates of these nutrients were
evaluated. The study was carried out in a greenhouse in pots filled with an Entisol with high organic matter
content. Five rates of N (0; 100; 200; 300 and 400 mg dm–3) and five rates of S (0; 10; 20; 30 and 40 mg dm–3)
were tested in a 52 fractionated factorial. Plants were harvest three times. The interaction N rates × S rates was
significant for the variables leaf area, tiller number, shoot dry matter, N concentration and N:S ratio in plants,
and total N and sulphur-sulphate in the soil in at least one of the three growth periods of Marandu palisadegrass
in establishment. The supply of both S and N to reach the N:S ratio about 10:1 in the fertilization promoted
high yield, adequate N and S concentrations for plant metabolism and forage production, as well as kept and/
or raised the soil fertility in relation to these nutrients.
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Substituição do capim-Braquiária pelo capim-Marandu em pastagens
tropicais degradadas com o uso combinado de nitrogênio e de enxofre
RESUMO: A degradação de pastagens formadas por plantas de Brachiaria decumbens Stapf. (capim-Braquiária)
é um problema que assola os pecuaristas brasileiros. Avaliaram-se combinações de doses de nitrogênio (N) e de
enxofre (S) na produção da Brachiaria brizantha (Hochst. ex A. Rich.) Stapf. cv. Marandu (capim-Marandu)
em implantação em solo de área vegetada com capim-Braquiária em degradação, e as alterações nas concentrações
desses elementos no tecido vegetal e no solo promovidas pela adubação com N e S. O experimento foi realizado
em casa de vegetação em vasos contendo Neossolo Quartzarênico com expressivo teor de matéria orgânica.
Avaliaram-se cinco doses de N (0; 100; 200; 300 e 400 mg dm–3) combinadas com cinco doses de S (0; 10; 20; 30
e 40 mg dm–3), em um fatorial 52 fracionado. Realizaram-se três cortes das plantas de capim-Marandu. A
interação doses de N × doses de S na adubação foi significativa para as variáveis área foliar total, número de
perfilhos, massa seca da parte aérea, concentração de N e relação N:S na planta, e teores de N total e enxofre-
sulfato do solo em pelo menos um dos três crescimentos do capim-Marandu. A relação N:S no fertilizante em
aproximadamente 10:1 propiciou elevada produção de massa seca, com concentrações de N e de S adequadas
para o metabolismo da planta e produção de forragem, bem como manteve e/ou incrementou a fertilidade do
solo em relação aos referidos nutrientes.
Palavras-chave: Brachiaria brizantha (Hochst. ex A. Rich.) Stapf., fertilizante, produção, relação N:S
Introduction
Animals exclusively fed with grasses from natural
or cultivated pastures characterize a large part of the
Brazilian beef cattle production. Brazil has around 172
million hectares of grasslands that support a cattle herd
of approximately 170 million heads (IBGE, 2006).
About 55% of the total area of pastures is composed
by grasses of the genus Brachiaria (Ferraz, 2003), due
to its high adaptability to variable conditions of climate
and soil (Keller-Grein et al., 1996), and an availability
of seed for trade. In recent decades, pastures of
Brachiaria decumbens Stapf. (Signal grass) are present-
ing serious problems of degradation in several regions
of the country.
Trying to solve the problem of Brachiaria decumbens
pasture degradation, many farmers have decided for us-
ing Brachiaria brizantha cultivars to establish the new
pasture. These grasses chosen for this replacement,
however, usually need more amounts of nutrients and
without adequate plant nutrition the objective cannot
be fully achieved.
Considering the nutritional status, grasses response
to nitrogen (N) fertilization is positive (Lauriault et al.,
2002; Reich et al., 2003; Xia and Wan, 2008). Although
N availability is important for the production of pas-
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tures established with Brachiaria (Boddey et al., 2004),
N has not usually been the unique limiting nutrient in
areas of degraded pastures (Oliveira et al., 2004). Ele-
ments like sulphur (S), which is connected directly to
N in the process of synthesis of proteins (Crawford et
al., 2000) could be under inadequate concentration for
plant optimal development and growth in these soils.
Thus, possibly N and S supply together is needed for
enhancing the grass production.
The objective of the present study was to evaluate
combinations of N and S rates in the production of tropi-
cal grass Brachiaria brizantha (Hochst. ex A. Rich.) Stapf.
cv. Marandu (Marandu palisadegrass), recently estab-
lished in a previously degraded pasture covered with Sig-
nal grass and to assess changes in the concentrations of
these elements in plant tissue and soil promoted by fer-
tilization with N and S.
Material and Methods
The study was performed with soil from pasture
area cultivated with Brachiaria decumbens Stapf. during
12 years, located in the city of Santa Maria da Serra
(22°34’ S, 48°09’ W), São Paulo State, Brazil. The soil is
an Entisol. Since the pasture establishment, the area was
not limed or fertilized, showing currently uncovered ar-
eas with small and chlorotic plants characterizing the
first stage of degradation. The research was carried out
under controlled conditions (glass greenhouse and con-
trolled air temperature and irrigation), because the goal
was to test a greater number of combinations of N and
S rates, and isolate the effects of fertilization treatments
from possible environmental interferences such as tem-
perature, water supply and also deposition of animal ex-
creta.
The experiment was carried out in plastic pots with
3.6 L capacity (internal height = 20.0 cm and internal
diameter = 18.0 cm) in greenhouse at Piracicaba-SP
(22°43’ S, 47°38’ W), Brazil, from January to May 2006,
using the forage grass Brachiaria brizantha (Hochst. ex
A. Rich.) Stapf. cv. Marandu. The average air tempera-
ture inside the greenhouse was around 30°C. Soil
samples collected in the depth 0-20 cm were air-dried
during approximately 15 days and sieved with a 4 mm
screen for disposal of gravels and coarse organic frac-
tions. Each experimental unit had 5.6 kg of air-dried
sieved soil, which had a soil density of 1.56 kg dm–3.
Before implementation of the treatments the soil
chemical characteristics were: pH (0.01 M CaCl2) = 4.53;
organic matter (O.M.) = 32.1 g kg–1; P-resin = 5.8 mg
dm–3; S-sulphate = 7.4 mg dm–3; K, Ca, Mg, H + Al, base
sum (BS) and cation exchange capacity (CEC) = 2.43;
13.0; 8.67; 40.0; 24.1 and 64.1 mmolc dm
–3, respectively; V
(percentage base saturation) = 37.6% and m (aluminum
saturation) = 16.9%. Taking into consideration the nu-
tritional requirements of Marandu palisadegrass, liming
was performed with the objective of increasing soil base
saturation to 50% by the application of 300 mg dm–3 of
CaCO3 and 230 mg dm
–3 of MgCO3. After mixing the car-
bonates to the soil, 950 mL of water was added to each
pot for incubation during 30 days.
Combinations of five N rates (0; 100; 200; 300 and
400 mg dm–3) with five S rates (0; 10; 20; 30 and 40 mg
dm–3) were studied in a surface response of the central
composed experimental design modified by a fraction-
ated 52 factorial, according to Littell and Mott (1975).
Thirteen combinations of N and S rates (mg dm–3) were
obtained: 0-0; 0-20; 0-40; 100-10; 100-30; 200-0; 200-20; 200-
40; 300-10; 300-30; 400-0; 400-20 and 400-40. The experi-
ment was set in randomized complete block design, with
four replications. Nitrogen and S were provided as
NH4NO3 and CaSO4.2H2O respectively, and the amount
of Ca in the experimental units was balanced by the use
of CaCl2.
The fertilizations with macronutrients to the estab-
lishment of Marandu palisadegrass were: P = 200 mg
dm–3; K = 150 mg dm–3 and Mg = 50 mg dm–3, which
were supplied by the following sources: CaH2PO4,
KH2PO4, KCl and MgCl2.6H2O. Fertilizations were re-
peated for every grass regrowth to supply N, S and K at
the same amounts applied for the initial growth. The ad-
ditional supply of Mg was 20 mg dm–3 due to non-appli-
cation of P after the first harvest, which reduced the
amount of Ca to be balanced. Boron, Cu, Zn and Mo
were supplied before grass planting with the following
sources and amounts: H3BO3 = 1.5 mg dm
–3; CuCl2.2H2O
= 2.5 mg dm–3; ZnCl2 = 2.0 mg dm
–3 and Na2MoO4.2H2O
= 0.25 mg dm–3.
During the experimental period soil moisture in pots
was maintained by a self-irrigating subsurface system
that replaced water volume according to evapotranspi-
ration rate of the soil-plant system. Five plants of
Marandu palisadegrass were grown per pot. Three har-
vests were done in the plants, in the following periods:
43 days after transplanting, 35 days after the first har-
vest and 48 days after the second harvest. All plants were
harvested when the mature leaves from the more devel-
oped plants began the senescence stage, regardless N and
S treatment.
Plants were cut up to 4 cm above the soil and the
above-ground material was put to dry in a forced air
oven at 65°C until constant mass. At the harvesting
time, the number of tillers and leaf area of plants
were also quantified. Leaf area was determined by us-
ing a leaf area machine model LI 3100 (LI-COR, NE,
USA).
The assessment of nutritional status of the Marandu
palisadegrass plants in relation to N and S nutrients was
carried out in the diagnostic leaves, which are the two
newly expanded leaves (Batista and Monteiro, 2007).
Concentrations of total N and S were determined ac-
cording to methodology described by Nelson and
Sommers (1973) and Tabatabai (1982), respectively.
Soil was sampled in all pots just after every plant har-
vest. Soil sampling was performed with a soil probe
(length = 20 cm, diameter = 1.5 cm), collecting samples
De Bona & Monteiro572
Sci. Agric. (Piracicaba, Braz.), v.67, n.5, p.570-578, September/October 2010
from top to bottom of the soil body disposed in the pots.
The soil samples for determination of total N and sul-
phur-sulphate were previously air-dried, ground in a mill
and sieved at 2 mm sieve. Total soil N was determined
by Kjeldahl method (Bremner, 1996). Sulphur-sulphate
was extracted by solution of calcium phosphate and de-
termined by turbidimetric method (Tabatabai, 1982).
The variables were treated through analysis of re-
sponse surface using the Statistical Analysis System (SAS,
2004) software. Firstly the data were evaluated by
ANOVA for the combinations of N and S rates in the
fertilization. In cases of significant N × S interaction,
polynomial regression analysis (response surface)
through RSREG procedure was performed. In cases
where the interaction N × S was not significant, a re-
gression study of first and second levels for the N rates
and/or S rates, through GLM procedures, was per-
formed. The significance level of 5% was used for all
statistical tests. The symbols (*) and (**) in the mem-
bers of regression equations show significance level
(p < 0.05) and (p < 0.01), respectively, of the corre-
sponding coefficients.
Results and Discussion
A positive effect of the N fertilization in increasing
leaf area determined at the first harvest (first growth) of
the plants (Figure 1a) was found. However, taking into
account the leaf area at the second and third harvest (sec-
ond and third growths, respectively), the interaction N
rates × S rates was significant to the total leaf area of
this forage grass (Figures 1b and 1c). The maximum leaf
area at the second harvest of grass was achieved with
rates of N and S around 334 and 31 mg dm–3, respectively.
At the third harvest, maximum leaf area of Marandu
palisadegrass plants was obtained with the supply of N
of 375 mg dm–3, as the amount of S for maximal grass leaf
growth was beyond the limits tested.
During the grass establishment, the competition be-
tween growing plants was not so strong in terms of soil
nutrients and space in pot. Thus, it is believed that the
available S in the original soil was enough to satisfy
the forage plant requirements during the first growth.
After the first and second harvests, the grass growth
was intensified and, consequently, S together with N
became very important for leaf area production. The
increase in leaf area of the forage plant with supply of
N and S increases the photosynthetic efficiency of the
plant (Parsons et al., 1983), by enhancing the area of
light interception (Akmal and Janssens, 2004).
The number of tillers was altered by the application
of N for the first and second growths of the grasses. Data
were adjusted using polynomial models of first and sec-
ond levels, respectively (Figures 1d and 1e). The combi-
nation of N and S rates in the composition of fertilizer
affected the number of tillers of Marandu palisadegrass
during the third growth period, when maximum
tillering was achieved with application of 270 and 29 mg
dm–3 of N and S rates, respectively (Figure 1f).
Positive results on the effect of N fertilization in the
tillering of forage grasses have been extensively reported
by other authors (McKenzie et al., 2002; Premazzi et al.,
2003). Working with Cynodon spp. in a greenhouse ex-
periment, Premazzi et al. (2003) observed that the addi-
tion of N at 80 mg dm–3 resulted in a 65% increase in
number of grass tillers. Evaluating rates of N ranging
from 0 to 225 kg ha–1 yr–1 during three years of experi-
ment, McKenzie et al. (2002) observed increases in the
density of tillers of ryegrass (Lolium perenne L.), which
raised according to the increment of N fertilization.
Unlikely total leaf area variable, the interaction N
rates × S rates was significant to the number of tillers of
Marandu palisadegrass only in the third growth, suggest-
ing that N fertilization exerts more influence on the lat-
ter parameter. Nitrogen and its various chemical forms
affect the tillering of grasses more by the action in the
synthesis and translocation of the cytokinin hormone
than due to the nutritional aspect (Walch-Liu et al., 2000;
Wang and Below, 1996). Thus, although N supply is
highly related to grass tillering, its action on this plant
productive parameter can be regulated by the S fertili-
zation (Figure 1f).
Following patterns of variation of total leaf area and
tillers number (Figure 1), the production of shoot dry
mass of the Marandu palisadegrass was affected by N
fertilization on the first growth period (Figure 2a). How-
ever the interaction N rates × S rates was significant in
the shoot dry production mass during the second and
third growths of the forage plants (Figures 2b and 2c).
Nitrogen and S rates that promoted maximum grass pro-
ductivity were 300 and 30 mg dm–3 respectively in the
second growth; and 321 and 31 mg dm–3, respectively, in
the third growth of Marandu palisadegrass. These val-
ues correspond to the N:S ratio in the fertilizer near to
10:1 (Figures 2b and 2c), in agreement with ratios of N
rates and S rates of fertilizer about to 10.7:1 and 9.3:1,
which were found to be optimal for the maximum pro-
duction of total leaf area and tillers, respectively (Fig-
ures 1b and 1f).
Corroborating results of Mitchell and Blue (1989) and
Kalmbacher et al. (2005), the increase in N supply re-
sulted in a demand for S by the grass until reaching maxi-
mum productivity. This pattern of variation can be ex-
plained by the increase in requirement for S amino ac-
ids when the synthesis of proteins is accelerated by sup-
ply of N to the plant (Crawford et al., 2000).
The enhance of tillering and growth of leaf area (Fig-
ure 1) probably increased the nutritional requirements
of grass in the second growth, which reflected the im-
portance of S supply to the production of dry mass of
grasses (Figure 2). Considering second and third grass
harvestings (Figures 2b and 2c), mean production of dry
mass in the treatments without N was 11.8 g per pot,
while the treatment with 400 mg dm–3 of N and no S pro-
duced only 10.8 g per pot. The supply of 30 mg dm–3 of S
in the treatment with 300 mg dm–3 of N increased the
production of dry mass of Marandu palisadegrass by ap-
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proximately 160%. Similarly, Mathot et al. (2008) stud-
ied the effect of the combination of three N rates (40, 80
and 105 kg ha–1) and two S rates (0 and 25 kg ha–1) in the
production of Lolium spp. in eight soils from Belgium,
and found that S supply increased 800 kg ha–1 year–1 the
dry mass production.
The interaction N × S was significant for concentra-
tions of total N in the newly expanded leaves sampled
during the first and third harvests of Marandu
palisadegrass (Figures 3a and 3c). In the second harvest,
only N fertilization had response, which resulted in a
linear increase of total N concentration in the diagnos-
tic leaves (Figure 3b).
The concentration of N in the newly expanded
leaves collected during the first harvest of Marandu
palisadegrass raised with the increasing of N supply,
as well as with the higher rates of S applied (Figure
3a). At the third harvest of plants, the increase in the
concentration of total N in the diagnostic leaves was
more pronounced in smaller rates of S (0-10 mg dm–3)
Figure 1 – Total leaf area and number of tillers related to nitrogen (N) rates (a; d; e) and combined N and sulphur (S) rates (b; c; f) in
the first (a;d), second (b; e) and third (c; f) growths of Marandu palisadegrass under establishment.
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due to slow plant growth (Figure 3c). For the three
growth periods, N concentration in the leaf tissue ranged
from 3.2 to 39.2 g kg–1 (Figure 3). Previous works indi-
cated mean values near to 13.0 g kg–1 as suitable values
for grasses of the genus Brachiaria (CIAT, 1981; Häussler
et al., 2006).
The concentration of S in the newly expanded leaves
did not show interaction by N and S fertilization (Fig-
ures 3d, 3e and 3f). For the three growth periods, the sul-
phate fertilization promoted linear increases in the con-
centration of S in the newly expanded leaves of Marandu
palisadegrass, ranging from approximately 0.6 to 1.5 g
kg–1. During the first grass growth, N fertilization re-
sulted in linear increases in the S concentration in the
leaf tissue (Figure 3d). This probably was due to the in-
crease of root growth according to the addition of N to
the soil (Batista and Monteiro, 2006), and also to the sul-
phur-sulphate readily available by mineralization of or-
ganic matter as a result of soil preparation for the ex-
periment. In the third growth period, the increase of N
supply resulted in changes in the concentration of S ac-
cording to quadratic curve (Figure 3f), which reflects
modifications occurred in the production of shoot dry
mass due to N fertilization (Figure 2c), and is explained
by nutrient dilution.
The N:S ratio of the newly expanded leaves sampled
during the first harvest was changed by N fertilization.
It means that N:S ratio increased linearly from 12.4:1 to
19.0:1 by the supply of N through fertilization (Figure
4a). This result clearly demonstrates that the Marandu
palisadegrass was more able to accumulate N than S in
shoot tissue during the first growth period. Other au-
thors have shown an increase in the N:S ratio in grasses
with supply of N fertilizers (Gierus et al., 2005; Wang et
al., 2002).
Evaluating the newly expanded leaves collected in
the second and third harvests of Marandu palisadegrass,
it was observed that N:S ratio was affected by both fer-
tilizations with N and S rates (Figures 4b and 4c). It
appeared that absence of S in the fertilization resulted
in high N:S ratio in the leaf tissue, especially when as-
sociated with high N fertilization (400 mg dm–3), which
characterizes the metabolic imbalance of the plant
(Dijkshoorn and van Wijk, 1967). According to
Dijkshoorn and van Wijk (1967) the N:S ratio of 14:1
characterizes adequate nutritional status of plants from
the family Poaceae (Gramineae). Assessing the data
collected during the second and third harvests of
Marandu palisadegrass, it was found that a ratio of 10:1
of N:S in the fertilizer once the supply of N and S rates
was more than 250 and 25 mg dm–3, respectively (Fig-
ures 4b and 4c), resulted in N:S ratios in plant tissue
that satisfied the requirements for optimal growth of
the grass.
Nitrogen fertilization affected positively and linearly
the total N concentration of the soil sampled at the end
of the first and third growths of Marandu palisadegrass
(Figures 5a and 5c). The interaction N rates × S rates
was significant for this variable in the soil collected at
the time of second harvest of the plants (Figure 5b). The
highest rates of S (30-40 mg dm–3) resulted in smaller in-
creases in the soil N concentrations with the addition
of N through fertilization. This is due to the highest ex-
tractions of this element for great production of dry
mass by grasses (Figure 2b).
As N is a nutrient extracted from soil in large quan-
tities by forage grasses (Boddey et al., 2004; Kalmbacher
Figure 2 – Shoot dry matter production related to nitrogen
(N) rates (a) and combined N and sulphur (S) rates
(b; c) in the first (a), second (b) and third (c) growths
of Marandu palisadegrass under establishment.
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et al., 2005; Oliveira et al., 2004), the N fertilization
should be ideal to sustain plant production and main-
tain or enhance the soil N content. In this context, fer-
tilization with N rates up to 200 mg dm–3 reduces about
9% the total N concentration in soil, from the first to
the third harvest of plants, in a period of approximately
83 days (Figures 5a, 5b and 5c). On the other hand, the
highest rates of N (300-400 mg dm–3) kept the soil total
N almost unchanged, that is, the addition of N by fertil-
izers replaced the N removed by the grass.
The concentrations of sulphur-sulphate in the soil
sampled at the time of first and second harvest of grass
were changed linearly by the S fertilization (Figures 5d
and 5e). The soil sulphur-sulphate concentration in-
creased on average of six times with the supply of maxi-
mum S (40 mg dm–3). During the third growth of
Figure 3 – Nitrogen (N) and sulphur (S) concentration in newly expanded leaves related to N rates (b; d; f), S rates (d; e; f) and
combined N and S rates (a; c) in the first (a;d), second (b;e) and third (c;f) harvests of Marandu palisadegrass
under establishment.
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Marandu palisadegrass the simultaneous supply of N and
S affected significantly the concentration of sulphur-sul-
phate in the soil (Figure 5f). Increases in the proportion
N to S in fertilizer reduced the sulphur-sulphate in soil
by enhancing plant dry matter production (Figure 2c).
Although levels of soil sulphur-sulphate above 10
mg dm–3 are considered sufficient for the establish-
ment of pastures in Brazilian conditions (Macedo,
2004), this study showed that dry matter production
of plants is  maximized with S ferti l ization that
raised the sulphur-sulphate concentration above this
value. Thus the maximum production of shoot dry
mass was obtained at 30 mg dm–3 of S rate (Figures
2b and 2c), which resulted in average concentration
of sulphur-sulphate in the soil around 50 mg dm–3
(Figures 5d, 5e and 5f).
In average, the soil total N:S ratio was approxi-
mately 6:1, which agreed with the range 3.4:1 to 12:1
observed for Brazilian agricultural soils (Neptune et
al., 1975). Apparently, grass production did not oc-
cur in function of the decomposition of soil organic
matter, since this variable presented mean values
around 26.3, 33.1 and 33.5 mg dm–3, determined at the
end of the first, second and third growth periods of
Marandu palisadegrass, respectively.
We suggest that average N (300 mg dm–3) and S
(30 mg dm–3) rates with a ratio of 10:1 (N:S) can pro-
mote dry mass of Marandu palisadegrass in establish-
ment to the maximum (Figures 2b and 2c), also met
the nutritional requirements of the plant for growth
and production of forage associated to the restora-
tion of soil fertility in relation to N and S (Table 1).
Although the combination of N and S rates of 300
and 30 mg dm–3, respectively, have resulted in a N:S
ratio in the newly expanded leaves above the ad-
equate, it is believed that such value is within the
acceptable range since the concentrations of N and
S in plant tissue are in agreement with values con-
sidered to be adequate for the grass (CIAT, 1981;
Häussler et al., 2006).
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